INTRODUCTION
Epithelial tumors with a sarcomatoid feature can develop in several organs, such as the skin, kidney, esophagus, stomach, gallbladder, thyroid, urinary bladder, uterus, and lungs. However, its pathologic mechanism has not been clearly elucidated [1] . Most malignant tumors in the intrahepatic bile duct are adenocarcinomas which are commonly referred to as cholangiocellular carcinoma (CCC). In contrast, intrahepatic sarcomatoid cholangiocarcinoma (s-CCC) is an extremely rare condition, accounting for less than 1% of hepatobiliary system malignancies, and its pathophysiology is not well known [2, 3] . The most common primary hepatic malignancy with a sarcomatoid feature is hepatocellular carcinoma (HCC), and generally, it occurs due to secondary changes in tumor cells after embolization or chemotherapy. However, the relationship between the occurrence of s-CCC and previous treatment has not been clearly understood, and it is often considered as a change according to the natural history of CCC [4] . In some previous studies, the prognosis of s-CCC was reported worse than that of CCC, which was due to a more frequent metastasis to other organs or invasion to adjacent vasculatures, and only few established data about its clinical features, diagnosis, and treatment methods are available [5, 6] . In this study, we hypothesized the pathogenesis of s-CCC, investigated the clinical, serologic, imaging, and histopathologic features of s-CCC, and compared with those of CCC in patients from a single center.
MATERIALS AND METHODS

Patients selection
From January 2001 to June 30, 2018, a total of 228 patients with intrahepatic cholangiocarcinoma (IHCC) diagnosed via surgery or ultrasonography (US)-guided liver biopsy at Dong-A University Hospital were screened. Among them, 12 were diagnosed with s-CCC. One patient who was diagnosed with s-CCC via surgery in August 2001 was excluded from the analysis due to the lack of data about the clinical course of the disease and imaging study results. Two patients presented with mixed histopathologic features of HCC and IHCC were included in the study.
Patients assessment
In 11 patients with s-CCC who were enrolled, the admission history, accompanying symptoms or signs, past history of the hepatobiliary system, and findings of serologic examinations, such as liver function tests and tumor marker analysis were assessed. In terms of imaging studies, such as US, computed tomography (CT) scan, and magnetic resonance imaging (MRI), the characteristic features, the size and number of primary masses, distant and lymph node (LN) metastases, and the TNM stage were investigated and compared with those of HCC, IHCC, and other hepatic tumors. Histopathologic examination and immunohistochemical staining of hepatic mass were also conducted. Finally, the types of treatment, consequent clinical course, follow-up results, and survival time were investigated.
Statistical analysis
Data were reported as means ± standard deviation and median value. Data analysis was performed using the Statistical Package for the Social Sciences (SPSS) software version 20.0. Continuous variables were compared using the unpaired student t-test, Mann-Whitney U test, and Kruskal-Wallis test. Categorical variables were compared with the chi-square test and Fisher's exact test, and they were reported as frequencies and percentages. P < 0.05 were considered statistically significant. Survival curves were obtained using the Kaplan-Meier method and compared using the log-rank test.
RESULTS
Clinical findings
Among the 11 patients diagnosed with s-CCC, 9 (81.8%) were men and 2 (18.2%) were women. The median age of the patients was 61 (range: 45-68) years. During their first visit at the hospital, the patients mainly presented abdominal pain (n = 10, 90.9%), and fever (n = 4, 36.4%), which were more frequent in s-CCC patients compared with CCC patients. Past history of chronic viral hepatitis and liver cirrhosis (LC) were frequent in s-CCC patients: chronic hepatitis B (CHB), n = 3 (27.3%); chronic hepatitis C (CHC), n = 1 (9.1%); LC, n = 5 (45.5%). One of the patients was diagnosed with HCC at another hospital 1 mo before admission and was taking sorafenib. In addition, 1 (9.1%) patient had a previous history of Clonorchis sinensis infection and another (9.1%) patient presented with gallstones at the time of diagnosis. Meanwhile, 3 (27.3%) patients had a history of cholecystectomy. All 11 patients presented with stage IV disease by the TNM stage, of whom 4 (36.4%) had stage IVA and 7 (63.6%) had stage IVB (Tables 1 and 2 ).
Laboratory findings
The laboratory findings were as follows: serum aspartate aminotransferase (AST) level, 23-80 (median: 34, normal: < 40) U/L; alanine aminotransferase (ALT) level, 10-96 (median: 31, normal: <40) U/L; serum total bilirubin (TB) level, 0.3-1.1 (median: 0.7, normal: < 1.2) mg/dL; and direct bilirubin (DB) level, 0.1-0.8 (median: 0.4, normal: < 0.4) mg/dL. In all patients, the serum alkaline phosphatase (ALP) level was elevated at 252-1520 (median: 757, normal: < 120) U/L. The gamma-glutamyl transferase (GGT) level was measured in only 9 patients, ranging from 32 to 323 (median: 137, normal: < 64) U/L, and it was elevated above the normal limit in 7 patients.
Serum carcinoembryonic antigen (CEA) levels were elevated in only 1 (9.1%) patient, ranging from 0.1 to 12.7 (median: 1.8, normal: < 5) ng/mL. The carbohydrate antigen 19-9 (CA19-9) level ranged from 2.0 to 1809.57 (normal: < 37) U/mL, and it was elevated in 5 patients (45.5%). Alpha-fetoprotein (AFP) level was high in 2 (18.2%) patients (cases 1 and 2), of which 1 patient presented with CHB, LC, and HCC and treated with sorafenib, and the other patient had CHC and LC (Table 3) .
Imaging findings
The imaging findings were newly reviewed by a radiologist. The initial radiologic impression obtained via abdominal US and CT scan was very variable as IHCC, HCC, lymphoma, and hepatic abscess. (Table 4 , Figure 1 ). The size of the main tumor lesion on US, CT scan and MRI ranged from 2.5 to 10 (median: 7.5) cm, and the number of intrahepatic tumors was 1 in 6 (54.5%) patients, and multiple tumors were observed in the other 5 (45.5%) patients. All patients had stage IV disease by TNM stage. Multiple LN metastases were observed in all patients, and distant metastases to other organs were observed in 7 (63.6%) patients ( Table 1) .
All patients had lobulated heterogeneous mass lesions on abdominal US. Hypoechoic features were observed in 3 (27.3%) patients, hyperechoic features in 3 (27.3%) patients, and mixed echoic features in 5 (45.5%) patients. A hypodense mass with heterogeneous, ill-defined, or lobulated features was observed in the CT nonenhanced phase which was performed in only 5 patients. Enhanced CT scans were performed in all 11 patients. In the arterial phase, a hepatic mass presented with irregular rim enhancement (n = 5), peripheral enhancement (n = 5), or diffuse heterogeneous enhancement (n = 1). The CT portal phase showed gradual centripetal enhancement (n = 6), irregular rim enhancement (n = 3), and irregular peripheral enhancement (n = 1). In 1 patient with heterogeneous enhancement of the mass in the arterial phase, the enhancement was more prominent in the portal phase. CT scan in the delayed phase was performed in 4 patients and its findings were not significantly different from those in the portal phase (Table 4) . MRI was performed in 3 patients with heterogeneous hyperintensity (n = 3) on the T2-weighted image, gradual centripetal (n = 2) or rim (n = 1) enhancement on the dynamic enhancement scan, and diffusion restriction (n = 3) on diffusion weighted image. Figure 2 shows histopathological findings in case 9. In low-magnified microscopic findings, liver biopsy showed relatively well-demarcated tumor, characterized by poorly differentiated cancer cells without organoid structures, interspersed by stromal tissue, which is associated with necrosis ( Figure 2A and B). Individual or clustered cancer cells consisted of enlarged epithelioid cells with pleomorphic and hyperchromatic nuclei and prominent nucleoli, and spindle cells with hyperchromatic and enlarged nuclei ( Figure 2A ). Occasionally, mucin-secreting cancer cells were observed. Inflammatory cell infiltration was present in the abundant stroma.
Histopathologic and immunohistochemical findings
Immunohistochemical study had shown that cancer cells expressed cytokeratin 9 (CK8), cytokeratin 19 (CK19) ( Figure 2C ), and vimentin ( Figure 2D ), but not hepatocyte-specific antigen (HSA) ( Figure 2E ) and AFP. Based on the microscopic findings and immunohistochemical results, this liver tumor was diagnosed as s-CCC. In the remaining 10 patients, cells showing polymorphic and polygonal spindle features were observed on cytopathologic examination. Hepatocellular features were found in 2 patients. Immunochemical staining revealed positive vimentin expression in all patients and CK19 expression in 10 (90.9%) patients. HSA staining was performed in 9 patients, and all patients tested negative. Immunohistochemical findings are summarized in Table 5 .
Treatment and outcome
In this study, all s-CCC patients presented with stage IV disease at the time of diagnosis. Among them, 9 (81.8%) patients died due to disease progression, 1 (9.1%) patient was lost follow-up, and another (9.1%) patient survived. The mean follow-up period of all patients was 93.4 ± 106.3 (median: 47, 14-379) d. The mean survival time of 9 patients who died, from diagnosis to death, was 67.2 ± 53.4 (median: 47, 14-148) d (Table 6) . None of the s-CCC patients could undergo surgical treatment. Seven (63.6%) of them underwent chemotherapy, all of whom were not treated with anticancer drugs for more than 4 cycles due to rapid disease progression, deterioration of systemic condition, or presence of adverse events. Among the 7 patients with chemotherapy, 1 patient was lost follow-up and the other 6 patients died within 6 months (mean survival time: 92 ± 48.5 d, range: 31-148 d). Three (27.3%) of 11 s-CCC patients who underwent conservative treatment died within 3 wk (mean survival time: 17 ± 3.2 d, 14-20 d) ( Table 6 ). The survival of patients who received chemotherapy was significantly longer than that of patients who only received conservative treatment (P = 0.013). In addition, 1 patient (case 11) with a 5-cm sized single s-CCC with LN and diaphragm metastasis refused chemotherapy and was treated with ABNOBA VISCUM M ® (viscum album) via subcutaneous injection as the second option. Despite the advanced stage, the treatment was well tolerated by the patient, and slow progression was observed. He went to regular follow-up for 379 d.
Comparison of intrahepatic s-CCC and intrahepatic bile duct adenocarcinoma
Compared with 216 patients with CCC, abdominal pain (P = 0.011), fever (P = 0.022), past history of LC (P = 0.022), advanced TNM stage (P = 0.018) were more common in patients with s-CCC. The incidence of chronic viral hepatitis, larger mass size, LN metastasis, and distant metastasis tended to be more common in s-CCC patients, although there was no statistical significance. Increased serum CEA (P = 0.029) and CA19-9 (P = 0.098) levels were more common in patients with CCC than in those with s-CCC ( Table 2 ). The initial radiologic impressions were variable, however, there was no patient diagnosed with s-CCC by imaging studies (Table 4) . Thirty-three (15.3%) of the patients with CCC underwent surgical treatment, whereas all of the patients with s-CCC could not undergo surgery and received chemotherapy or conservative treatment. The mean survival time of patients with s-CCC was significantly shorter than that of patients with CCC (P = 0.001) (Figure 3 ).
DISCUSSION
Sarcomatoid tumor of the epithelial origin is commonly found in the bladder or lungs, whereas it is rarely observed in the liver or biliary tract and is referred to as "carcinosarcoma", "sarcomatoid carcinoma", "carcinoma with sarcomatoid change", "pseudosarcoma", "malignant mixed tumor" and "spindle cell carcinoma" [3, 7, 8] . HCC with sarcomatoid feature accounts for 1.8% of surgically resected HCC and 3.9%-9.4% of autopsy cases. According to some previous reports, it is known to occur due to a secondary change in tumor cells after previous treatment [4, 8] . By contrast, s-CCC accounts for 4.5% of bile duct cancer, and has no definite relationship with previous anticancer therapy. Rather, sarcomatoid change is believed due to the natural progression of bile duct cancer [4, 9, 10] . The pathogenesis of sarcomatoid changes in cancers including cholangiocarcinoma, has not been elucidated yet, and the following possibilities have been suggested: First, sarcomatoid trans-differentiation or de-differentiation of primary carcinoma cells of epithelial origin, which is also explained as epithelial-mesenchymal transition (EMT) or metaplastic transformation. The EMT is an important mechanism in sarcomatoid changes, and this is a biologic process in which epithelial phenotypes are converted into mesenchymal phenotypes by biochemical changes, including enhanced migratory capacity, invasiveness, elevated resistance to apoptosis, and increased production of extracellular matrix components [11] ; Second, biphasic differentiation from pluripotent stem cells to carcinoma or sarcoma in various directions, which is divided into a combination and a collision depending on the type of each tumor growth; Finally, a sarcomatoid re-differentiation of cancer cells with multi-potent differentiation potency derived from carcinoma cells [6] . In this study, underlying CHB, CHC, and LC more common in patient with s-CCC, suggesting that these underlying diseases could have been the causative factors for de-differentiation or biphasic differentiation. This hypothesis about the mechanism of the sarcomatoid change is also an evidence supporting the poor prognosis of s-CCC.
Sarcomatoid combined hepatocellular-cholangiocarcinoma is primary hepatic tumor in which hepatocellular carcinomas and cholangiocarcinomas coexist within the same hepatic tumor components showing distinct tumor pathologic features, and is observed in less than 1% of all patients with liver malignancies [12] [13] [14] . In this study, 2 (0.9%) patients presented with mixed histopathologic findings similar to sarcomatoid combined hepatocellular-cholangiocarcinoma (cases 1 and 2). These 2 patients had LC due to CHB and CHC, respectively, and they presented with increased serum AFP levels. At time of diagnoses of these 2 patients, it was difficult to distinguish HCC from IHCC, and the imaging diagnoses were even HCC (Figure 4 ). These 2 cases can be inferred due to the "sarcomatoid regeneration" of multipotent cancer cells derived from carcinoma cells, which is one of the hypotheses for the mechanism of sarcomatoid cholangiocarcinoma. s-CCC could be asymptomatic, as is the case with other hepatic tumors, and it may be accompanied by non-specific symptoms or signs such as abdominal pain, nausea, fatigue, fever, and weight loss, of which abdominal pain and fever are more specific. In this study, 10 (90.9%) patients had abdominal pain and 4 (36.4%) patients had fever, which is similar to those reported in the previous articles [3, 15] . It can be thought that these clinical features are more common in s-CCC patients because of the mass effect or tumor necrosis caused by relatively large mass size or rapid progression.
According to previously reported cases about s-CCC, serologic tumor markers, such as AFP, CEA, and CA19-9 levels, were negative or low [3, 8, 11, [16] [17] [18] [19] [20] [21] [22] . Watanabe et al [23] investigated the clinical characteristics of operated sarcomatous intrahepatic cholangiocarcinoma and ordinary intrahepatic cholangiocarcinoma, and there was no significant difference in serum CEA and CA19-9 levels between the two groups. By comparison, in this study, CA19-9 level showed an increase in only 45.5% of s-CCC patients and CEA level increased more frequently in CCC patients with statistical significance. AFP levels were with normal range in most cases of s-CCC. Therefore, tumor markers were not helpful in the diagnosis of s-CCC. Additionally, as previously mentioned, two patients with elevated AFP levels were all suspected to be sarcomatoid combined hepatocellular-cholangiocarcinoma via histopathological examination. A low echogenic liver mass on US, which shows hypo-attenuation and peripheral region enhancement after contrast injection on CT scan, is a commonly known imaging characteristic of s-CCC. In the present study, the hepatic masses showed various echoic, but mainly hypoechoic features on US. CT scan showed heterogeneous, lobulated hypodense hepatic masses with irregular rim or peripheral enhancement. These are similar to those reported in previous studies [3, [24] [25] [26] . The imaging findings of 11 patients tended to show relatively aggressive features, which included large mass size (mean: 7.3 ± 2.2 cm, median: 7.5 cm), frequent LN and distant metastases, and extensive metastatic lymphadenopathy accompanied by invasion of portal vein or hepatic parenchyma (n = 2). In addition, portal vein thrombosis (n = 1), multiple intrahepatic metastasis (n = 2), and seeding metastasis (n = 1) were aslo observed. However, these findings are also observed in other mass-forming IHCC. Distal intrahepatic ductal dilatation (n = 5), capsular retraction (n = 8), satellite nodule (n = 3), peripheral enhancement (n = 10), and gradual centripetal enhancement on dynamic enhancement study are also well-known imaging findings of common massforming IHCC. Thus, even though the imaging findings of s-CCC show relatively aggressive features, these are not distinguishing from those of other hepatic tumors, especially IHCC. Indeed, none of the 11 patients were not clearly diagnosed with s-CCC during the first imaging study. Moreover, there were cases of underlying LC (n = 5), mimicking HCC (n = 4), and requirement for differentiation from lymphoma (n = 1), or hepatic abscess (n = 1) (Figure 1) . In previous study, there was no meaningful difference in tumor size, number of tumors, and LN metastasis between sarcomatous intrahepatic cholangiocarcinoma and ordinary intrahepatic cholangiocarcinoma [23] . Therefore, it is nearly impossible to identify s-CCC only via imaging studies.
Biopsy is an indispensable test for the final diagnosis. In this study, polymorphic and polygonal cells exhibiting spindle features were commonly observed. In immunohistochemistry, all patients were positive for vimentin, and 10 (90.9%) patients were positive for CK19, and 9 patients who underwent HSA tested negative, which was considerably helpful for the final diagnosis of s-CCC. These results were similar to those of previous studies [9, 27, 28] . Although no definitive treatment for s-CCC is available, surgical resection is generally recommended first, and in patients undergoing surgical resection, the survival rate was significantly higher than that of patients who have not undergone surgery [3, 23, 29] . Adjuvant chemotherapy along with the combination of gemcitabine and cisplatin has been proposed as a treatment to improve survival [10, 30] . Nevertheless, the prognosis of s-CCC is extremely poor compared with that of CCC, and there is no established treatment that can significantly prolong survival after surgery. This is due to the fact that LN or distant metastasis is common at time of diagnosis, and the rate of tumor growth is relatively fast. The tumor is also frequently accompanied by tumor thrombi, and the recurrence rate after treatment is high [3, 6, 10, 30, 31] . In addition, several studies have shown that survival prolongation was obtained with iniparib, cisplatin, ifosfamide, dacarbazine, doxorubicin, cyclophosphamide, taxol, thalidomide and paclitaxel treatment as postoperative adjuvant chemotherapy for carcinosarcoma in obstetrics and gynecology patients [2, [32] [33] [34] , however, there are also some reports on unsuccessful outcomes [35, 36] . Among the 11 s-CCC patients of this study, no one could undergo surgical treatment and only seven patients underwent chemotherapy. In the remaining 3 patients with conservative treatment, shortened survival time may be due to the lack of the chemotherapy effect, but it is also thought to be due to the higher incidence of deteriorated general condition, old age, or poor performance status, which made the patients die earlier, regardless of cancer progression.
ABNOBA VISCUM M ® (viscum album), also called mistletoe, is an extract of a plant that is hemiparasitic to various host plants. This is an immunomodulator and somewhat different from the cytotoxic drugs, target agents, or immune checkpoint inhibitors, and it is mainly, along with chemotherapy or radiation therapy, used to increase the therapeutic effect, decrease side effects, and enhance immunity. In some papers, various positive results regarding the use of viscum album as a palliative therapy in patients with terminal cancer who do not respond to conventional chemotherapy or for those with lung cancer or accompanying malignant pleural effusion and hematologic diseases [37] [38] [39] . However, there has been no report about the therapeutic effect of this drug alone for IHCC including s-CCC. Although the patient (case 11) of this study is an unusual case, whether the reason for the good prognosis in this patient is due to the effect of the viscum album or the slow progression of the tumor still remains unclear.
This study has some limitations. First, because only 11 patients with s-CCC were analyzed, some aspects of the comparison between s-CCC and CCC were not statistically significant. Second, a relatively large number of follow-up loss was observed; about 12% of the patients with CCC lost follow-up. This is believed that this study was conducted in a single center, and a large number of patients did not continue with aggressive treatment and wanted conservative treatment only, or to go to another hospital.
In conclusion, intrahepatic s-CCC of the liver is an extremely rare disease, and it is frequently characterized by abdominal pain, fever, and commonly diagnosed at an advanced stage. Its prognosis is extremely poor due to the rapid progression of the disease. Early diagnosis and appropriate treatment are important. Because clinical, serologic, and imaging findings are not helpful in distinguishing s-CCC from CCC, HCC, or other hepatic masses, biopsy should be performed to accurately diagnose and predict prognosis. Although there has been no fully established treatment thus far, surgical resection is usually prioritized, and in some cases, the survival rate can be improved through adjuvant chemotherapy. Further prospective, multicenter studies about the characteristic features, complementary treatment effect of various therapeutic options, and the effect of surgery on the survival rate must be conducted based on the pathogenesis of this disease. 
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Intrahepatic sarcomatoid chonalgiocarcinoma (s-CCC) is extremely rare, and its pathophysiology is not well known. Because of the poor prognosis, early diagnosis and aggressive treatment is important.
